38. Dewdney A, Cunningham D, Tabernero J et al.. Multicenter randomized phase II clinical trial comparing neoadjuvant oxaliplatin, capecitabine, and preoperative radiotherapy with or without cetuximab followed by total mesorectal excision in patients with high-risk rectal cancer (EXPERT-C introduction For many years, only the anatomical location of the primary tumor, its histological phenotype and the tumor stage tailored chemotherapy. However, in clinical practice, many patients with a seemingly identical tumor responded differently to the same therapy. Research on cancer biology provided ample explanations [1] . Various genetic alterations and distinct molecular phenotypes were unraveled, which influence patient prognosis and response to chemotherapy. Meanwhile, the choice of treatment increasingly depends on the identification of these particular molecular phenotypes. As a consequence, predictive biomarkers were sought, which prognosticate treatment responses before therapy. This approach bears hope to make treatment more efficient in responders and to avoid unnecessary side-effects in non-responders. Despite these advancements, new problems emerged. The value of a predictive biomarker test depends on the robustness, sensitivity and specificity of the assay. These factors can be negatively influenced by tumor heterogeneity and tissue sampling errors. Recently, Her2/neu was introduced as a predictive biomarker for the treatment of gastric cancer (GC) with trastuzumab. Trastuzumab is an antibody targeting Her2/neu and is applied in combination with chemotherapy for the treatment of Her2/neupositive advanced GC [2] . The Her2/neu status is assessed in tumor biopsies or resection specimens by a combination of immunohistochemistry and in situ hybridization. Based on the breast cancer scoring system, a modified scoring system was developed for GC [3] . An almost overwhelming number of studies recently demonstrated the robustness of the Her2/neu testing (for a review, see also [4] ). However, evidence is accumulating that Her2/neu overexpression is heterogeneous in GC, carrying the risk of a sampling error [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Particularly in patients with advanced, unresectable GC eligible for trastuzumab, only biopsies may be available for Her2/neu testing. In this study, we assessed the reliability of Her2/neu testing in tissue samples of biopsy size by comparing the Her2/neu status of whole tissue sections with corresponding tissue micro-arrays (TMAs).
materials and methods

ethics statement
This project was approved by the local ethics committee of the University Hospital in Kiel, Germany (reference number D 453/10). All patient data were pseudonymized before study inclusion.
study population
We retrieved from the archive of the Institute of Pathology, University Hospital Kiel, all Caucasian patients who had undergone either total or partial gastrectomy for adenocarcinoma of the stomach or esophago-gastric junction between 1997 and 2009. The following patient characteristics were retrieved: type of surgery, age at diagnosis, gender, tumor localization, tumor type, tumor grade, depth of invasion, number of lymph nodes resected and number of lymph nodes with metastases. Each resection specimen underwent gross sectioning and histological examination by trained histopathologists. Date of patient death was obtained from the Epidemiological Cancer Registry of the state of Schleswig-Holstein, Germany. Follow-up data of patients still alive were retrieved from hospital records and general practitioners.
study inclusion and exclusion criteria
Inclusion and exclusion criteria were defined as follows: patients were included when histology confirmed an adenocarcinoma of the stomach or esophago-gastric junction, and the date of death or survival data were available. Patients were excluded when histology identified a tumor type other than adenocarcinoma, histopathological data were incomplete, patients had previously undergone a partial stomach resection (Billroth-II) and now had locally recurrent GC and date of patient death or survival data had not been recorded. Patients who received perioperative chemotherapy were also excluded.
histology and TNM classification
Tissue specimens were fixed in formalin and embedded in paraffin. Deparaffinized sections were stained with hematoxylin and eosin. Tumors were classified according to the Laurén classification [15] . pTNM stage of all study patients was determined according to seventh edition of the UICC guidelines [16] and our recent proposal ('Kiel-stage') [17] and was based solely on surgical pathological examination including classification of distant metastases ( pM-category). In the seventh edition, all tumors of the esophago-gastric junction as well as tumors of the proximal 5 cm of the stomach with extension into the esophagus are classified as esophageal tumors [16] . Patients were re-categorized accordingly.
TMA construction
Formalin-fixed and paraffin-embedded tissue samples were used to generate TMAs as described previously [18] . Briefly, five morphologically representative regions of the paraffin 'donor' blocks were chosen. Tissue cylinders of 1.5 mm diameter were punched from these areas and precisely arrayed into a new 'recipient' paraffin block using a custom-built instrument (Beecher Instruments, Silver Spring, MD). After completing block construction, 4 µm sections of the resulting tumor TMA block were cut for further analysis.
Her2/neu status
The Her2/neu status was assessed using the monoclonal anti-Her2/neu antibody (clone 4B5), the HER2-SISH double-labeling in situ-hybridization system and the Ventana BenchMark XT automated slide staining system (all Roche Diagnostics GmbH, Mannheim, Germany). The Her/2neu status was assessed by two independent observers (VSW and CB) according to the GC scoring system separately for resection specimens (whole tissue sections) and for biopsies (TMAs) [3] . The intensity of Her2/neu immunostaining varied from negative (0) to strong (3+). All GCs with an Her2/neu immunostaining of 2+ were forwarded to silver-enhanced in situ hybridization. Both observers were blinded with regard to the clinicopathological patient characteristics. After independent evaluation of the whole tissue sections and the TMAs by both observers, a final consensus evaluation was carried out with three observers (VSW, CB and CR).
statistics
Statistical analyses were carried out using IBM SPSS Version 20 (IBM Corp., Armonk, NY). Median overall survival was determined using the Kaplan-Meier method, and the log-rank test was used to determine significance. For comparison purposes, the median survival time, its standard deviation and 95% confidence interval were calculated. Prognostic relevance was investigated by multivariate Cox regression analysis, using the backward LR method with inclusion/exclusion significances of 0.100, respectively. The significance of correlation between clinicopathological parameters and the Her2/neu status was tested using Fisher's exact test. 
Her2/neu status in whole tissue sections
The Her2/neu status was assessed according to the GC scoring system for resection specimens, using whole tissue sections [3] : GCs were classified as Her2/neu-positive when ≥10% of the tumor area showed strong immunostaining (3+) for Her2/neu, or moderate immunostaining (2+) in conjunction with HER2 gene amplification (ratio ≥2.0). Observer 1 classified 37 (8.1%) and observer 2 classified 38 (8.4%) of the GCs as Her2/neupositive. The interobserver agreement was very good (kappa 98.5%, P < 0.001; Table 2 ).
Her2/neu status in TMAs
Next we assessed the Her2/neu status in TMAs obtained from the same tumor-bearing paraffin blocks used for the assessment of whole tissue sections. Five core cylinders were obtained from each paraffin 'donor' block, finally rendering 2230 tumor-bearing core cylinders (in eight cases, the amount of material was too low for the generation of a TMA). The Her2/neu status was assessed according to the GC scoring system for biopsy specimens [3] : GCs were classified as Her2/ neu-positive when five or more tumor cells showed strong immunostaining (3+) for Her2/neu, or moderate immunostaining (2+) in conjunction with HER2 gene amplification (ratio ≥2.0) in at least one of the five core cylinders obtained from a given tumor. Observer 1 classified 28 (6.3%) and observer 2 classified 28 (6.3%) of the GCs as Her2/ neu-positive. Again, the interobserver agreement was very good (kappa 96.2%, P < 0.001; Table 2 ).
comparison of the Her2/neu status between whole tissue sections and TMAs
In the next step, we compared the Her2/neu status between whole tissue sections and TMAs. Observer 1 classified nine (2.0%) GCs as Her2/neu-positive in whole tissue sections and negative in the corresponding TMAs. To the contrary, three (0.7%) cases were classified as Her2/neu-positive in TMAs and negative in whole tissue sections. Observer 2 classified nine (2.0%) GCs as Her2/neu-positive in whole tissue sections and negative in the corresponding TMAs. To the contrary, two (0.4%) cases were classified as Her2/neu-positive in the TMAs and negative in the whole tissue sections. The interassay agreement was good to very good for both observers (kappa 79.2% and 81.2%, respectively; P < 0.001; Table 2 ).
comparison of Her2/neu immunostaining between whole tissue sections and TMAs
According to the GC scoring system, Her2/neu immunostaining is the first diagnostic procedure for the assessment of the Her2/neu status. An Her2/neu immunoreactivity score of ≤1+ and of 3+ does not necessitate in situ hybridization. Thus, a heterogeneous Her2/neu immunostaining has a major impact on the Her2/neu status classified in a biopsy specimen. Therefore, we next compared the results of immunostaining between whole tissue sections and TMAs. As shown in Table 2 , the interassay agreement further declined for both observers, when only the Her2/neu immunostaining results were compared between whole tissue sections and TMAs (kappa 47.3% and 44.8%, respectively). However, Her2/neu immunostaining results correlated still highly significantly between whole tissue sections and TMAs for both observers (P < 0.001).
case-by-case analysis of discrepant Her2/neu status Following the comparison of the immunostaining results, we compared case-by-case the whole tissue sections with the TMAs. Interestingly, the discrepancies between whole tissue sections and TMAs were mainly related to sampling errors (Table 3) . In six cases, the TMA was false negative since the GC enclosed an Her2/neu-positive tumor cell clone (IHC 3+ or IHC2+/ISH-amplified) comprising only 10%-20% (four cases) or 40% (one case) of the entire tumor area. The remaining tumor area was completely devoid of Her2/neu expression ('black-and-white' expression pattern; Figure 1 ). In three cases, the intensity of immunostaining for Her2/neu was uneven. The GCs enclosed areas with weak (1+), moderate (2+) and strong (3+) immunostaining ('gray-scale' expression pattern). The intensity of Her2/neu-immunostained tumor areas enclosed in the TMAs was not representative for the entire tumor. Two cases were false positive in the TMA for similar reasons ('black-and-white' expression pattern): five or more cells showed strong (3+) or moderate immunostaining (2+) in conjunction with HER2 gene amplification (ratio ≥2.0) in the TMAs samples, while the whole tissue section showed that these clones comprised <10% of the entire tumor area ( Figure 1 ). In these cases, we also noticed that the interobserver variability was due to observer-dependent differences in the estimation of the cut-off value, i.e. <10% versus ≥10% of the tumor area (case no. 10; Table 3 ). Finally, one case (no. 12) was categorized as false positive due to a staining artifact. The monoclonal antibody used in this study is known to occasionally generate a strong cytoplasmic and nuclear immunoreaction [19] . The signet ring cell carcinoma of patient no. 12 showed strong cytoplasmic staining, which was misinterpreted by both observers as membranous staining and became evident for both observers in the whole tissue section (Figure 1 ).
Statistical analyses
Finally, a consensus score was reached by three observers (VSW, CB, CR) and a total of 37 (8.1%) GCs were classified as Her2/neu-positive (supplementary Table S1 , available at Annals of Oncology online). The Her2/neu status correlated highly significantly with tumor type (P = 0.002) and tumor grade (P = 0.003). Proximal tumors were more commonly Her2/neu-positive (11.8%), compared with distal tumors (6.5%). However, this difference did not reach statistical significance (P = 0.065). We next separated proximal tumors from distal tumors. This showed that the Her2/neu status correlated significantly with nodal spread (P = 0.034; proximal tumors) and tumor grade (P = 0.009; distal tumors). Patient survival did not correlate with the Her2/neu status ( Figure 2) . However, patient prognosis highly significantly depended on patient age, Laurén phenotype, tumor grade, T-category, Ncategory, lymph node ratio, R-status, as well as UICC stage and 'Kiel stage' (data not shown).
discussion
The phenotypic and genotypic characterization of cancer is increasingly used to tailor patient management. The introduction of trastuzumab for distant metastatic Her2/neupositive GC in the first-line treatment added GC to a growing list of cancers to which targeted therapy can be applied [2] . [3, 20] . We used the monoclonal anti-Her2/neu antibody (clone 4B5), the HER2-SISH double-labeling in situ-hybridization system and the Ventana BenchMark XT automated slide staining system, which is a highly standardized protocol and was validated independently in the past [3] . Using whole tissue sections, we found an Her2/neu overexpression in 8.1% of our patients. It was more common in intestinal-type GCs compared with diffuse-type GCs (12.9% versus 3.6%), and was more common in proximal GCs compared with distal GCs (11.8% versus 6.5%). These findings are in line with previous observations. A recent systematic review reported a prevalence of Her2/neu overexpression ranging from 4%−53% (median 18%) [4, 21] . A correlation with the anatomical localization was also found by Yu et al. [22] . Thus, neither methodological issues (fixation and staining protocols) nor the selection of the study cohort explain the discrepancy between whole tissue sections and TMAs.
The NCCN Guidelines recommend that multiple (8-10) biopsies should be carried out to provide an adequate-sized material for histological interpretation [23] . Similarly, the German S3-guideline for the diagnosis and treatment of esophago-gastric cancer recommends that at least eight biopsies should be taken from tumor suspicious lesions [24] . Ten biopsies should be obtained from large lesions. Particularly, diffuse-type GC can easily be missed by biopsies and these numbers were chosen to reach a safe diagnosis of GC by avoiding false-negative results. They were not based on the assumption that GC can only be diagnosed when a minimum number of eight biopsies enclose cancer. In our experience, the number of cancer-bearing biopsies is usually less than eight, and five core cylinders obtained from the formalin-fixed and paraffin-embedded tumor may be considered to be representative for the evaluation of endoscopic biopsy sampling of GC. We believe that we are the first to systematically study the effect of tissue sampling on the Her2/neu status in a single patient cohort of 454 Caucasian patients, using the GC scoring system. Yano et al. [25] compared whole tissue sections and biopsies in an Asian study population. In their cohort, the biopsy was positive in 76.7% of the cases with overexpression original articles Annals of Oncology in subsequent resection specimens. However, Yano et al. [25] applied the breast cancer scoring system to both biopsy and resection specimens. Yan et al. [14] compared 15 resection specimens with 12 matched biopsy specimens obtained from the same patients before gastrectomy, using the GC scoring system. They did not find a significant correlation of the Her2/ neu status between biopsy and surgical resection specimens. Neither Yano et al. [25] nor Yan et al. [14] specified the Table 3 ) encloses a tumor cell clone comprising 10%-20% of the entire tumor area, which showed strong (IHC 3+) expression of Her2/neu (A, C and D) and HER2 gene amplification (E). The remaining tumor area was completely negative for Her2/neu (IHC 0; F). A tissue section cut after the TMA was generated shows that, unintentionally, only the negative tumor area was 'biopsied'. (G and H) Case no. 10 (see Table 3 ) illustrates the reverse situation of a false-positive test result. An Her2/neu-overexpressing tumor cell (H, arrowhead) clone comprised <10% of the entire tumor area, as illustrated by cytoketarin immunolabeling (G). This clone also showed HER2 gene amplification (I). (J and K) Case no. 12 illustrates a unique but well-recognized staining artifact of the monoclonal antibody we used (clone 4B5). Strong cytoplasmic immunostaining of a signet ring cell carcinoma was erroneously interpreted as membrane staining in TMAs. However, both observers also classified the same case as negative in the whole tissue sections, where the staining artifact was more apparent. Her2/neu immunostaining (A, B, D, F, H, J and K); HER2-SISH double-labeling in situ hybridization (E and I); hematoxylin and eosin (B); pancytokeratin (the brown stain is virtually identical with the tumor area (G). No magnification (A-C, G, H, J); original magnifications ×400 (D, F and K) and ×600 (E and I). The digitalized original slides of (C) and (H) can be viewed at http://www.uni-kiel.de/path/vm/her2-manuscript. number of tumor-bearing biopsies studied. Kim et al. [26] recently studied the Her2/neu status, by immunohistochemistry only, in two large separate Asian cohorts. In the first cohort of 1414 patients, whole tissue sections were analyzed. In the second, independent cohort TMAs were generated from 595 resection specimens (one core cylinder per tumor and patient). The frequency of Her2/neupositive cases was 12.3% in whole tissue sections and 17% in TMAs [26] . However, based on the study design, no conclusions can be drawn from this study regarding the positive or negative predictive value of biopsy sampling. Finally, Lee et al. [11] compared biopsies (mean number of biopsy fragments was 4.9; range 1-11) and resection specimens obtained from 54 patients. The concordance for the Her2/neu status between biopsy and gastrectomy was 74.1% [11] . However, the time interval between biopsy procedure and gastrectomy was not reported, and confounding factors, such as perioperative chemotherapy, were not specifically mentioned and cannot be completely ruled out [11] .
To the contrary, our study investigated whole tissue sections and TMAs obtained from the same paraffin blocks, addressing specifically the issue of a sampling error. We provide strong evidence that sampling procedures carry a significant risk to generate a false-negative Her2/neu status. Twenty-five percent of our GC patients with Her2/neu overexpression would have been missed in a biopsy procedure harvesting five tumor-bearing biopsies. This sampling error is related to the well-recognized heterogeneity of Her2/neu expression in GC. This has been reported independently now by many authors [5-8, 10, 12-14] . However, biopsy sampling carries also a minor risk of a falsepositive rate. Six cases showed a 'black-and-white' expression pattern ( Figure 1 and Table 3 ). Small Her2/neuoverexpressing tumor cell clones (<10% of the entire tumor volume) were present in an overall Her2/neu-negative GC. Sampling of these tumor cell clones carries the risk of a falsepositive test result, according to the GC scoring system. The prognostic impact of these cell clones is unknown. At least we were unable to show any prognostic significance of Her2/ neu overexpression in our cohort.
Patient-individualized treatment aims to avoid unnecessary medication in patients who are unlikely to respond to therapy. To the contrary, targeted therapy should reach every patient eligible for the treatment. In this respect, unresectable GC patients may be withheld a life-prolonging medication due to a sampling error. Since the overall number of GC patients eligible for trastuzumab is already small (<20%), we recommend that, whenever possible, the Her2/neu status should be assessed on whole tissue sections of gastrectomy specimens. Furthermore, in case of metastatic disease, it should be considered to re-evaluate the Her2/neu status from metastatic sites, when Her2/neu results are negative from primary tumor biopsies, in order to increase the probability of finding Her2/neu-positivity, which allows for treatment with trastuzumab in stage-IV GC. Additionally, more in-depth investigations on the correlation of the percentage of Her2/ neu-immunopositive GCs with clinical outcomes may help to improve predictive diagnostics. Changing the cut-off value to above or below 10% positivity influences the risk of a sampling error, i.e. it may also alter the discrepancies between whole tissue sections obtained from a GC resection specimen and tumor biopsies. Alternatively, a predictive biomarker should be sought, which is less sensitive to sampling procedures.
acknowledgements
We wish to thank Sandra Krüger for her excellent technical assistance.
funding
This work was supported by grant no. F344605 of Roche Diagnostics Deutschland GmbH and Roche Pharma AG. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. 
